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ABSTRACT 

PSR J1814— 1744 is a 4 s radio pulsar with surface dipole magnetic field strength 5.5 x 
10^^ G, inferred assuming simple magnetic dipole braking. This pulsar's spin parameters 
are very similar to those of anomalous X-ray pulsars (AXPs), suggesting that this may be 
a transition object between the radio pulsar and AXP population, if AXPs are isolated, 
high magnetic field neutron stars as has recently been hypothesized. We present archival 
X-ray observations of PSR J1814— 1744 made with RO SAT and ASCA. X-ray emission 
is not detected from the position of the radio pulsar. The derived upper flux limit 
implies an X-ray luminosity significantly smaller than those of all known AXPs. This 
conclusion is insensitive to the possibility that X-ray emission from PSR J1814— 1744 is 
beamed or that it undergoes modest variability. When interpreted in the context of the 
magnetar mechanism, these results argue that X-ray emission from AXPs must depend 
on more than merely the inferred surface magnetic field strength. This suggests distinct 
evolutionary paths for radio pulsars and AXP, despite their proximity in period-period 
derivative phase space. 

Subject headings: stars: neutron — pulsars: individual: (PSR J1814— 1744) — X-rays: 
stars 
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1. Introduction 

Recently, PSR J1814-1744, an isolated radio pul- 
sar with period P = A s and large period derivative 
(P = 7.4 X 10"^^) was discovered (Camilo et al. 2000, 
see also Manchester et al. 2000 and Kaspi et al. 2000) 
in an ongoing survey of the Galactic Plane for radio 
pulsars using the 64-m Parkes telescope (Lyne et al. 
2000). The pulsar's surface magnetic field strength 
B, inferred under the assumption of a dipole rotating 
in vacuo ( Manchester fc Taylor 1977| ) from 



B = 3.2 X 10i^(PP)i/2 Q 



(1) 



is 5.5 X 1013 G. 

This pulsar's properties are particularly interesting 
because they are similar to those of anomalous X-ray 
pulsars (AXPs). AXPs have spin periods P — 6—12 s, 
and spin down regularly (see, e.g., Mereghetti & 
Gotthelf fc Vasisht 1998|, and [Kaspi 



Stella 1995 



Chakrabarty, & Steinberger 1999) with period deriva- 



tives 10^1^ < P < 10^11. The X-ray luminosities of 
AXPs are typically several orders of magnitude larger 
than their spin-down luminosities E = Att^IP/P^ 
(where / is the pulsar's moment of inertia, assumed 
to be 10*^ g cm^) (see, e.g., Oosterbroek et al. 1998 
and references therein). Strong observational evi- 
dence (see, e.g., [Mereghetti, Israel, fc Stella 199g ) 
precludes accretion from a binary companion as the 
origin of the observed X-rays. Instead, the leading hy- 
pothesis to explain AXP properties is that they are 
isolated neutron stars with ultra-high magnetic fields, 
so-called "magnetars" (Duncan fc Thompson 1992). 
In this model, the X-ray emission is powered either 



by decay of the large magnetic field ( Thompson fc 



Duncan 1996 ) or neutron star cooling enhanced by 
the presence of the strong field (Heyl fc Hernquist 
1997a). Assuming magnetic dipole braking, AXPs 
have inferred surface dipole magnetic field strengths 
B = (0.6 - 8) X lOi-i G. 

While PSR J1814-1744 is a radio pulsar and hence 
an isolated neutron star, its spin parameters and 
hence inferred magnetic field are extreme in the pul- 
sar population: its magnetic field is nearly three times 
larger than that of PSR B0154-t-61 (Arzoumanian et 
al. 1994), the pulsar with the previously known high- 



est field strength^ Given that the spin parameters 
of PSR J1814-1744 are more typical of AXPs than 
radio pulsars, the possibility that this is a transition 
object between these two neutron star populations 
must be entertained. In particular, under the mag- 
netar hypothesis, the mechanism responsible for the 
production of X-rays in AXPs should be present in 
PSR J1814-1744 if the inferred magnetic field is in- 
deed the primary characteristic relevant to the ob- 
served magnetar properties. 

The similarity in spin parameters between PSR 
J1814-1744 and the AXPs is readily seen in a "P-P" 
plot. Figure 1 shows P versus P for the radio pul- 
sar population (small dots), with PSR J1814-1744 
indicated. The figure also shows the candidate mag- 
netar population, consisting of five AXPs and two 
soft gamma repeaters (SGRs). Immediately notice- 
able is the proximity of PSR J1814-1744 to the clus- 
ter of AXPs and SGRs at the upper right corner. 
It is especially close to IE 2259+586, also indicated 
( Kaspi, Chakrabarty, fc Steinberger 1999| and refer- 
ences therein). Table 1 compares the properties of 
these two neutron stars. 

Here, we present an analysis of archival ROSAT 
and ASCA X-ray observations that serendipitously 
include the location of PSR J1814-1744 within their 
respective fields of view (FOV). Emission from the 
pulsar position was not detected with either tele- 
scope. We note that X-rays from other mechanisms 
(e.g., magnetospheric emission) are not expected to 
be observable from PSR J1814-1744. Give its spin- 
down luminosity of 5 x 10^^ ergs s^^ and its prob- 
ably distance of 10 kpc (estimated from the dis- 
tance/dispersion measure relation of Taylor fc Cordes 
[1993]), its spin-down fiux (E/AttcP) implies that any 
rotation-powered high-energy emission should be too 
faint to detect (Seward fc Wang 1988; Becker fc 
Triimper 1997). Count rate limits from both observa- 
tions are used to derive an upper limit on the X-ray 
luminosity from PSR J1814— 1744 that is significantly 
smaller than those measured for the known AXPs. 
We then discuss the implications of the non-detection 



^The survey that discovered PSR J1814— 1744 also discovered 
PSR J1119-6127, a radio pulsar with field B = 4.1 X lO^^ G 
(Camilo et al. 2000). 
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for current magnetar models. 

2. Archival Data Analysis 
2.1. ROSAT 

A field containing PSR J1814-1744 was observed 
with the Position Sensitive Proportional Counter (PSPC) 
instrument aboard ROSAT (Triimper 1983) during 
1992 April 2-8, as part of a study of the Galactic 
X-ray background (sequence RP900196N00). The ra- 



dio timing position of PSR J1814-1744 ([Camilo et 
il. 2000|) , a (J2000) = 18'^ 14"" 43.^^0(2), S (J2000) 
= -17° 44' 47"(23), is located 34' from the optical 
axis. The total live time was 7.7 ks. A 0.1 - 2.4 keV 
broad-band flat-fielded image was produced using an 
exposure map that accounts for vignetting and instru- 
mental structure. The exposure map is a standard 
data product generated by the NASA-maintained 
HEASARC during its analysis of all ROSAT obser- 
vations. No X-ray emission is present. To calculate 
an upper limit on the count rate, we compare the 
counts collected in an aperture of radius 0.'8 centered 
on the radio position to those in a concentric annu- 
lus with radii 4' and 12'. The aperture radius rep- 
resents the theoretical half energy width for a point 
source located 34' off-axis, calculated using the FTOOL 
PCRPSF v.2.0.7. 

We define the signal-to-noise ratio S/N = S/as, 
with signal S = Ng — b and variance a^. Ng is the 
number of counts in the circular aperture, b = (3Nh, 
where N^, is the number of counts in the annulus and 
(3 is the ratio of exposure areas of the aperture and 
annulus. This ratio accounts for the geometric size 
of the source aperture and background annulus as 
well as the effective exposure time of each sky el- 
ement comprising the two regions. Using standard 
error propagation, S/N = S/ y/ S + b{l + (i). Requir- 
ing S/N > 3(T yields a count rate upper limit in the 
0.1 - 2.4 keV band of < 3.2 x 10"^ 



2.2. ASCA 

A field containing PSR J1814-1744 was observed 
with ASCA (Tanaka, Inoue, & Holt 1994) on 1996 April 9, 
as part of a Galactic plane survey (sequence 54005040). 
ASCA consists of four co-aligned telescopes, each of 



which has its own focal plane detector: two Gas Imag- 
ing Spectrometers (GIS-2 and GIS-3) and two Solid- 
state Imaging Spectrometers (SIS-0 and SIS-1). The 
pulsar position falls 13' from the ASCA optical axis. 
This puts the source at the edge of the SIS detectors, 
limiting the utility of these data. We do not con- 
sider them further, focusing instead on the CIS in- 
struments which have a much larger (25') FOV. The 
effective exposure time for the CIS is 2 x 11.5 ks. The 
image obtained from combining data from both CIS 
cameras has been corrected for pointing offset^ and 
exposure and rebinned with a 45" x 45" box-car func- 
tion. To avoid the large instrument background at 
the edge of the detectors, we restricted the image to 
a circular FOV with 20' radius. The image is domi- 
nated by scattered flux from the nearby (34') bright 
low mass X-ray binary (LMXB) GX 13+1 (Vrtilek 
et al. 1991). Due to its better mirror performance, 
ROSAT does not suffer from this contamination prob- 
lem. A fan-like pattern, consistent with that from a 
bright point source located 34' from the optical axis 



(see, e.g., Gendreau 1995 ), and a shadow from a mir- 
ror quadrant boundary fall where expected, given the 
satellite roll angle and the alignment of GX 13-1-1 with 
the optical axis^. No X-ray emission is present from 
the location of the radio pulsar. 

An upper limit on flux from the pulsar is derived 



following the same prescription outlined in §2.1, with 
an increase in the radius of the source aperture to 
4.'5 to accommodate the wider PSF of ASCA. Fortu- 
itously, PSR J1814-1744 is situated in the middle of 
the boundary shadow, largely shielding the location of 
the pulsar from the scattered flux of GX 13-1-1. How- 
ever, the contamination of nearly the entire CIS FOV 
from the LMXB complicates the choice of a back- 
ground region. We considered using blank-sky data 
from the same region of the detectors that encompass 
the source aperture, which would account for the in- 
strumental and cosmic X-ray backgrounds. However, 
the blank-sky background would not include contri- 



•^This offset arises due to a systematic error with the 
ASCA star tracker. The correction was applied using 
the FTOOL offsetcoord and the look-up table available at 



littp : //legacy . gsf c . nasa . gov/docs/ asca/coord/ updatecoord . html 



■'The interested reader is referred to Sorlemitsos et al. (1995) 
for a detailed discussion of the stray light properties of ASCA. 
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but ions from the diffuse Galactic plane emission, and Hirabayashi 1983| ; Hughes ct al. 1984). While there 



most importantly, would not include the scattered 
flux from GX 13+1. Hence, we relied upon a rel- 
atively contamination-free region from this observa- 
tion to calculate the background, selecting a circular 
region with 4' radius, located the same distance off- 
axis as PSR J1814— 1744 and containing roughly the 
same amount of scattered light as the source aper- 
ture. Requiring S/N > 3(t yields a count rate upper 
limit in the 2 — 10 keV band of < 5.6 x 10~^ cps. 
These calculations were performed on the unbinned 
data, and while our approach should mitigate most 
of the effects of the contamination from GX 13-1-1, we 
recognize it is impossible to fully account for it. The 
above upper limit represents a conservative estimate 
of the maximmn count rate from PSR J1814— 1744. 

3. Discussion 

3.1. The X-ray luminosity upper limit of PSR 
J1814-1744 

The dependence of the magnetar hypothesis for 
AXP emission on inferred magnetic field, coupled 
with the similarities in the spin parameters of PSR 
J1814-1744 and IE 2259-^586, suggests that PSR 
J1814— 1744 may also share similar X-ray properties. 
Here, we use the spectral properties of IE 2259-1-586 
as a template to convert the count rate upper lim- 
its from PSR J1814-1744 into an X-ray luminosity 
upper limit. 

The spectrum of IE 2259+586 is well-studied (Iwa- 
sawa, Koyama & Halpern 1992; Corbet et al. 1995; 
Rho & Petre 1997; Parmar et al. 1998) and best 
described by a two-component model, consisting of 
a black body and power law. Rho & Petre (1997) 
combine data from ROSAT, ASCA, and BBXRT 
(Serlemitsos et al. 1992) to determine best-fit pa- 
rameters of F — 4.0 for the power law index and 
kT — 0.43 keV for the black body temperature. See 
§3.1 for the distribution of the spectral properties 
of all AXPs. The unabsorbed flux is F2-1Q koV = 
1.3 X 10~^^ ergs s^^ cm~^ and Fq. 1-2.4 koV = 4.1 x 
10-9 ergs s-i cm-2. The distance to IE 2259+586 
has been estimated to be d = 3.6 — 5.6 kpc from the 
supernova surface brightness-distance (S--D) relation- 



is great uncertainty in the S-_D relation (see, e.g., 



ship (Gregory & Fahlman 1980; Bofue, Takahara, & 



Green 1984 and Berkhuijsen 1986 ), distances to stars 
in nearby Hii regions are of similar value (Rho & Pe- 
tre 1997), resulting in a commonly quoted distance of 
4 kpc. 

In order to scale the spectral model of IE 2259+586 
for PSR J1814-1744, we must first estimate the 
Galactic absorption (column density Nh) and dis- 
tance to the radio pulsar. There are two coarse, yet in- 
dependent, methods for estimating Nh- The Seward 
& Wang (1988) approximation of 10 neutral hydro- 
gen atoms per free electron, combined with the pul- 
sar dispersion measure DM = 834 pc cm""^ (Camilo 
et al. 2000) gives Nh = 2.6 x 10^^ cm^^. The 
FTOOL nh, which uses the Hi maps of Dickey & Lock- 
man (1990), predicts Nh = 1.8 x lO^^ cm^^. The 
DM— d relationship of Taylor & Cordes (1993) pre- 
dicts a distance of '--^10 kpc. At this distance, the 
unabsorbed X-ray fiux of IE 2259+586 would be re- 
duced to ^2-10 koV = 2.1 X 10^^^ ergs s~^ cm^^ and 
^b. 1-2.4 koV = 6.6 X 10^^'' ergs s^^ cm"^. 

Figure 2 shows the expected count rates in both 
the ROSAT PSPC and the ASCA GIS as a function 
of Nh- The rates were calculated by using XSPEC 
(v . 10) to fold the spectrum of IE 2259+586, normal- 
ized to a distance of 10 kpc, through the appropriate 
instrument response matrices. Calculations at sev- 
eral values of Nh, shown by the symbols, were used 
to interpolate the count rate as a continuous function 
of Nh- The dashed lines in each plot represent the 
measured upper limits. Even when Nh is allowed to 
exceed the maximum estimate, the predicted count 
rates are well above the measured upper limits. As- 
suming a reasonable compromise value for the col- 
umn density of Nh = 2.2 x 10^^ cm"^, the expected 
i?OS'^T count rate is a factor of 13 higher than mea- 
sured, and the expected ASCA count rate is a factor 
of 6 higher than measured. Scaling the flux by these 
ratios, we find for PSR J1814-1744, ROSAT gives 
io. 1-2.4 koV < 6.3 X 10^^((i/10 kpc)^ ergs s~^ and 
^5C^ gives L2-10 kcv < 4.3x10^3(^/10 kpc)2 ergss"!. 
Extrapolating the i?05'j4T- derived upper limit to the 
^5C^ band gives L2-10 kcV < 2.0 x 10^^(^/10 kpc)^ ergs s" 
in good agreement with the ^5'CA-derived limit. 
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Next, we comment on the use of the spectral prop- 
erties of IE 2259+586 for calculating our luminos- 
ity upper limit for PSR J1814-1744. The spec- 
tral properties determined for AXPs are very sim- 
ilar, with power law photon indices in the range 
r = 2.5 — 4 and black body temperatures in the span 
kT = 0.39 - 0.71 keV (IE 2259-1-586: Rho & Pe- 
tre 1997; IE 1048.1-5937: Oosterbroek et al 1998; 
IE 1841-045: Vasisht & Gotthelf 1997; 
RX J170849. 0-400910: Sugizaki et al 1997; 4U 0142-1-61: 
White et al 1996). Their X-ray luminosities (0.5 — 
10 keV) differ significantly, however, varying by more 
than two orders of magnitude. Calculations identical 
to those described above show that if PSR J1814-1744 
had properties like the other known AXPs, the ex- 
pected count rates would all be greater than those 
predicted from assuming the spectrum and lumi- 
nosity of IE 2259+586. We note that only AXP 
IE 1048.1—5937 (inferred surface magnetic field strength 



3.6x10"'^^ G, Oosterbroek et al. 199S) nominally yields 
a lower expected count rate than the IE 2259+586 
model (though still higher than our upper limit), al- 
though the particularly large uncertainty in the dis- 
tance of the former makes its true intrinsic luminosity 
difficult to know (Corbet & Mihara 1997). 

Thus, if the measured spectral parameters for any 
of the other AXPs (with the possible exception of 
IE 1048.1—5937) were used in interpreting the count 
rate upper limit for PSR J1814— 1744, the difference 
between its X-ray luminosity upper limit and the lu- 
minosity expected from AXP-like emission would only 
increase. 

3.2. Beaming and Source Variability 

One scenario that must be considered for the lack 
of emission from PSR J1814— 1744 is that the mag- 
netar mechanism is present and emitting X-rays that 
are beamed away from our line of sight. The small 
number of confirmed AXPs prevents any detailed sta- 
tistical discussion of beaming. However, the pulsed 
fraction and pulse shape of the known AXPs can be 
used to motivate at least a rough characterization. 
For each AXP, Table 2 lists the pulsed fraction /, 
the passband and the pulse shape. Here, we follow 
Page (1995) and estimate the pulsed fraction using 



/ = 1/2 X (N„iax - N,nin)/N„ican, whcrc thc Subscript 
refers to the maximum, minimum, and mean counts 
in the pulse profile. All AXPs have large unpulsed 
components and have pulse profiles with smooth or si- 
nusoidal shapes, independent of the number of X-ray 
pulses present. Another general trend is that, except- 
ing 4U 0142+61, there is no evidence for appreciable 
pulse shape evolution with energy. 

These properties are consistent with the predic- 
tions of both magnetar models: that pulsed emission 
from AXPs is best interpreted as smoothly modulated 
thermal emission from thc surface of the neutron star 



(Thompson & Duncan 1996; Heyl & Hernquist 1997) 



See §3.3 for additional discussion. The pulsed high en- 
ergy component {E > 2 keV), well fit by a power-law 
model, raises the possibility that non-thermal mag- 
netospheric processes may also contribute. The lack 
of AXP pulse evolution with energy, however, sug- 
gests that only a single X-ray emission mechanism 
is present in AXPs. This is in contrast to rotation- 
powered pulsars like the Vela pulsar, which has a soft, 
sinusoidal thermal component with low pulsed frac- 



tion ( Ogelman, Finley, fc Zimmermann 1993 ) and a 



sharply peaked non-thermal component that extends 
above 100 MeV (Strickman, Harding, & de Jager 
1999). Of course, AXPs and rotation-powered pul- 
sars could have very different pulsed properties, given 
the uncertainty in the origin of high-energy magneto- 
spheric emission or the effect that a high magnetic 
field would have on this mechanism. For example, 
distinct thermal and non-thermal components could 
be present yet, for reasons unexplained, are locked in 
phase, thus appearing to have a common origin. 

In either magnetar model, the X-ray emission comes 
from the hot neutron star surface. Thus, it seems 
improbable that PSR J1814-1744 would be oriented 
with respect to our line of sight as to make X-ray pul- 
sations undetectable, especially considering that grav- 
itational lensing can make much more than half of the 
neutron star surface visible (see, e.g.. Page 1995 and 
Heyl & Hernquist 1998). Note, however, any mag- 
netospheric emission would be too distant from the 
neutron star surface to undergo gravitational lensing, 
hence could be beamed. 

But even if PSR J1814— 1744 were aligned in such 
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a way, considerable unpulsed X-ray emission would 
be present, as is the case of all the known members of 
the AXP population (see Table 2). For example, the 
unpulsed luminosity of IE 1841-045 is --85% of the 



(^10'* yr), they argue that the instability is best ex- 
plained by ambipolar diffusion of the magnetic field 



total observed luminosity (Vasisht & Gotthelf 1997) 



Even if half of the flux is present in pulsations directed 
away from our line of sight, the expected count rates 
from PSR J 18 14— 1744 are still well above the upper 
limits derived from the archival data. We conclude 
that, even in the unlikely event that the X-ray emis- 
sion is significantly beamed, PSR J1814— 1744 should 
have been detectable as an X-ray point source under 
the magnetar hypothesis. 

Finally, we discuss the ramifications of source vari- 
ability in AXPs. Torii et al. (1998) report variations 
in flux greater than a factor of ten in the AXP candi- 
date AX J1844. 8-0258. Recent observations by Va- 
sisht, Gotthelf, Torii, & Gaensler (2000) confirm the 
extreme variability of this object. If this source is 
firmly established as an AXP by an accurate P mea- 
surement and PSR J1814— 1744 has similar character- 
istics, there exists the possibility that both serendip- 
itous observations of PSR J1814— 1744 occurred dur- 
ing a low-state and that it is, in fact, an X-ray source. 
If instead PSR J1814— 1744 undergoes variability by a 
factor of 2—3, as witnessed in IE 22594-586 (Corbet et 
al. 1995 and references therein) and IE 1048.1-5937 
(Corbet & Mihara 1997), X-ray emission still would 
have been detected. 

3.3. Implications for magnetar models 

X-ray emission from AXPs has been explained in 
the context of the magnetar model by either mag- 
netic field decay (Thompson & Duncan 1996) or neu- 
tron star cooling (Heyl & Hernquist 1997a). Dun- 
can & Thompson (1992) first posited the existence of 
magnetars to explain a subset of gamma-ray bursts, 
inc luding those from the SGRs. Later (see, e.g.. 



Du ncan fc Thompson 1994 and Thompson fc Dun- 
can 1995), they discuss how the 1979 March 5 event 
from SGR 0526—66, which released ~10'*'* ergs in 



0.2 s ( ICline et al. 1980| and [Evans et al. 19801 ) 



could have been driven by a large-scale instability and 
subsequent readjustment of the neutron star's mag- 
netic field. For the time scale relevant to the system 



out of the stellar core ( Thompson fc Duncan 1996 ). 
This process conducts energy from the core to the 
surface to produce X-ray luminosities in the range 
Lx ^ 10'^^ — 10'^^ ergs s~^. The strong dependence 
of the surface heat flux on field strength concentrates 
flux in the polar regions. The modulation of this in- 
tensity gradient gives rise to the X-ray pulsations. 

For IE 2259-1-586, this mechanism can explain the 
observed X-rays if the neutron star's characteristic 
age, P/2P = 230 kyr, is an overestimate, the true 
age being ~ 10 kyr, that inferred for the proposed 
associated supernova remnant CTB 109 (Wang et 
al. 1992). If this model is correct, the difference 
of only 10% in the magnetic fields of IE 2259-f 586 
and PSR J1814— 1744 seems unlikely to account for 
the large difference in their X-ray luminosities, given 
the similarity of the X-ray emission from the known 
AXPs, whose magnetic fields span a much larger 
range. Therefore, if the decay of magnetic fields 
leads to the observed emission from AXPs, that no 
X-rays are seen from PSR J 18 14— 1744 argues that 
IE 2259-1-586 is much younger, even though the char- 
acteristic ages indicate otherwise, consistent with the 
latter's association with SNR CTB 109. This sug- 
gests that IE 2259+586 has had a spin-down history 
inconsistent with simple dipole braking or that it was 
born with a long spin period. 

Heyl & Hernquist (1997a) have suggested a second 
model, based on photon cooling, for the production 
of X-rays in AXPs. They extend into the magnetar 
regime {B = 10^'' - lO^^ G) the work of Shibanov & 
Yakovlev (1996), who have shown that when the mag- 
netic field of a neutron star exceeds 10^^ G, enhance- 
ments in the conductivity along the field lines due to 
electron energy quantization result in a net increase in 



heat flux (Heyl fc Hernquist 1997b; Heyl & Hernquist 
199S). In sufficiently young stars (ages of ^1 kyr) 



this leads to a gradual increase in photon luminosity 
with increasing magnetic field. The composition of 
the neutron star envelope has an even more dramatic 
effect; the luminosity transmitted through a helium 
envelope is six times that transmitted through an iron 
envelope, while that transmitted through a hydrogen 
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envelope is ten times that for iron. They then ar- 
gue that the total mass of an insulating low-Z layer 
required for the observed AXP luminosity is modest 
and easily attained from either fall-back following the 
supernova explosion or accretion from the ISM, if the 
pulsar has a large birth velocity or the density is high 
enough. Heyl & Hernquist (1997b; 1998) consider 
how the flux varies across the surface of a magne- 
tar and find a strong angular dependence caused by 
the anisotropic heat conduction in the outer layers of 
the neutron star. The temperature gradient, coupled 
with the limb darkening expected from magnetized 
atmospheres (see Heyl & Hernquist 1997b and refer- 
ences therein), results in a modulation of the thermal 
flux. The observed pulsed fraction may be reduced 
by gravitational Icnsing, which makes more than half 
of the neutron star surface visible at a given instance 
(see, e.g. Page 1995 and Heyl & Hernquist 1998) and 
eff'ectively smooths the flux gradient discussed above 
in §3.1. 

This model accounts for both the intensity of 
the X-ray emission and the pulsed fractions from 
IE 1841-045 and IE 2259+586 (Heyl & Hernquist 
1997a), assuming the pulsar ages are those of their as- 
sociated supernova remnant, Kes 73 and CTB 109, re- 
spectively. The absence of X-rays from PSR J1814- 1744 
again argues that this neutron star must be much 
older than IE 2259+586. Alternatively, PSR J1814-1744 
could be equally as young as IE 2259+586 and may 
not possess a light-element insulating layer, in spite of 
the case with which Heyl & Hernquist (1997a) suggest 
them to be formed. 

4. Conclusions 

In summary, we have set an upper limit on X-ray 
emission from the newly observed high magnetic fleld 
radio pulsar PSR J1814-1744. The upper limit on 
the flux implies a luminosity in X-rays well below 
those of any known AXP. This conclusion is indepen- 
dent of any beaming given the low pulsed fraction of 
the known AXPs, and is robust to modest flux vari- 
ability. This argues that any magnetar mechanism 
invoked to explain X-ray emission from AXPs must 
depend on more than observed P and P, hence on 
more than merely inferred B field. In the context 



of the two particular magnetar hypotheses discussed 
above, PSR J1814— 1744 must be considerably older 
than any of the known AXPs, including IE 2259+586, 
in spite of characteristic ages that indicate otherwise. 
This is consistent with IE 2259+586 being a much 
younger object than its characteristic age suggests, in 
agreement with its association with CTB 109. Ad- 
ditionally, it implies that its spin-down history has 
deviated significantly from dipole braking, or that it 
had a large (few seconds) initial spin period. SGRs 
and AXPs may thus have markedly different evolu- 
tionary paths from radio pulsars, including even the 
extreme members of the latter population. Thus, the 
proximity of SGRs and AXPs to any radio pulsar in 
P — P phase space must be considered merely coinci- 
dental and caution must be used when comparing the 
different classes of neutron stars. 
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Fig. 1. — P — P diagram. The small dots are the 
known radio pulsars. The crosses are the AXPs and 
the diamonds are the SGRs. Lines of constant mag- 
netic field, derived from Equation 1, are shown by the 
dashed fines. Note the proximity of PSR J1814-1744 
(the boxed dot) to IE 2259+586 (the boxed cross). 
Pulsar references-Taylor et al. 1995; Camilo et al. 
2000; Young, Manchester & Johnston 1999. SGR 



references-|Kouveliotou et al 
al 



1998; Kouveliotou et 



1999. AXP references-see citations in tfie main 
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Fig. 2. — Tfic diagram shows the count rates expected 
if PSR J1814— 1744 had the same spectrum and lu- 
minosity as IE 2259-1-586, as a function of Nh- Cal- 
culations at several discrete values of Nh, shown by 
the symbols, were used to interpolate the count rate 
as a continuous function of Nh- Distances of 10 kpc 
and 4 kpc were assumed for PSR J1814— 1744 and 
IE 2259-1-586, respectively. The dashed lines repre- 
sent the derived upper limit on count rate for the 
ROSAT PSPC (0.1 - 2.4 keV) and the ASCA GIS 
(2 — 10 keV). Assuming a reasonable estimate for the 
column density of Nh — 2.2 x 10^^ cm~^, the ex- 
pected count rate exceeds the upper limit by a factor 
of 13 (PSPC) and 6 (GIS). 
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Table 1 

Comparison of PSR J1814-1744 and IE 2259+586. 



Parameter PSR J1814-1744 IE 2259+586 

Spin period, P (s) 4.0 7.0 

Period derivative, P 7.4 x 10"^^ 4.9 x 10"^^ 

Surface Magnetic Field, B (G) 5.5 x 10^^ 5.9 x 10^^ 

Characteristic age, P/2P (kyr) 85 230 

Spin-down Luminosity, E (ergs s~-^) 4.7 x 10^^ 5.7 x 10^^ 

Reference Camilo et al. (2000) Kaspi, Chakrabarty, 

& Steinberger (1999) 



Table 2 

Pulse Properties of Known AXPs. 



Pulsar 




Passband^ 


Shape 


Ref^ 


4U 0142+61 


7% 


0.5- 


1.5 


two broad symmetric peaks 


1,2 




13% 


4 - 


10 


single peak 


1,2 


IE 1048.1-5937 


70% 


0.5- 


1.5 


single sinusoidal peak 


3 




70% 


1.5- 


4.0 


single sinusoidal peak 


3 




70% 


4.0- 


8.0 


single sinusoidal peak 


3 




70% 


0.5- 


10 


single sinusoidal peak 


4 


IE 1841-045 


15% 


1 - 


10 


two broad overlapping peaks 


5,6 


IE 2259+586 


30% 


0.1 - 


2.4 


two broad asymmetric peaks 


7 




35% 


1 - 


10 


two broad asymmetric peaks 


8 


IRXS J170849.0-400910 


38% 


0.1 - 


2.4 


single sinusoidal peak 


9 




50% 


2 - 


4 


single sinusoidal peak 


10 




50% 


4- 


10 


single broad peak 


10 



^See §3.2 for the definition of /, the pulsed fraction. When not stated by the authors, 
we estimate / from the published pulse profiles. (Note: The previously reported value 
of 30% for IE 1841—045 arises do a different definition of /.) 

^ Units are keV. 

^ References-(l) White et al. 1996, (2) Israel et al. 1999b, (3) Corbet & Mihara 1997, 
(4) lOosterbroek et al. 1998] , (5) Vasisht & Gotthelf 1997, (6) Gotthelf, Vasisht & Dotani 
1999, (7) Rho & Petre 1997, (8) Corbet et al. 1995, (9) Isreal et al. 1999a, (10) Sugizaki 
et al. 1997. 
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